ABSTRACT Objective: To compare health service cost and length of stay between a traditional and an accelerated diagnostic approach to assess acute coronary syndromes (ACS) among patients who presented to the emergency department (ED) of a large tertiary hospital in Australia.
INTRODUCTION
Chest pain is a principal reason for adult emergency department (ED) visits 1 with the most common cause being acute coronary syndromes (ACS) including acute myocardial infarction (AMI) and unstable angina pectoris (UAP). Yet after thorough investigation most patients have non-cardiac conditions such as musculoskeletal pain or gastrointestinal causes for chest discomfort. In 2007-2008, 5 .5 million people in the USA presented to EDs with chest pain and only 13% were diagnosed with ACS. 2 Current management of patients with possible ACS in Australia arises from the National Heart Foundation and Cardiac Society of Australia and New Zealand Guidelines. 3 Patients are stratified into low-risk, intermediate-risk and high-risk categories based on clinical features, ECG and troponin test results over a minimum of 6 h when using a sensitive troponin assay. Low-risk patients can be safely discharged. High-risk patients require admission to hospital and intensive management. Intermediate-risk patients form the largest group and further objective diagnostic testing to identify coronary artery disease (CAD) are required. The costs to health
Strengths and limitations of this study
▪ This is the first study to report the changes to length of stay and cost from adopting an accelerated diagnostic approach for unspecified chest pain in Australian emergency departments. ▪ It was a large study that prospectively collected data on costs and outcomes. ▪ A decision tree model was developed to compare outcomes of the two approaches using realistic and clinically relevant patient pathways. ▪ Probabilistic sensitive analysis was used to account for uncertainties. ▪ This is an observational study and differences were found between the two cohorts that may confound differences due to the two approaches.
services and patient outcomes from these guidelines were described in a recent Australian study. 4 The National Emergency Access Target (NEAT) was introduced in 2011 in Australia as part of the National Partnership Agreement on Improving Public Hospital Services. 5 It requires 90% of all presentations to the ED to be discharged, admitted to hospital or transferred to another hospital for treatment within 4 h. This target requires patients to be processed faster in the ED setting, and with the current guidelines requiring delayed troponin sampling, all patients with possible cardiac chest pain are steered towards admission to hospital.
Accelerated diagnostic protocols (ADPs) that risk stratify individuals within 2-3 h have recently been trialled. [6] [7] [8] [9] [10] A large proportion of patients can be classified as low risk and rapidly referred for objective testing. 6-8 11 A study reporting on the implementation of the accelerated protocol found that average ED length of stay was reduced in the group of patients deemed low risk and health outcomes were maintained. 9 Ongoing improvements in the assessment process of ED patients with chest pain have occurred and are in clinical use. 12 A novel method for the assessment of ED patients with chest pain, the Brisbane protocol, was developed prior to the advent of NEAT in Australia. It was a clinician-led initiative in response to our improved clinical understanding of the impact of improvements in biomarker (troponin) assays and the unnecessary delays in testing during patient assessment. We believed that we could safely accelerate the assessment process and therefore designed the Brisbane protocol. This study compares the cost of managing patients for ACS who present to the ED under two competing configurations of health services: the traditional guidelines-based approach 3 and the Brisbane protocol. Detailed clinical outcomes of patients were not reported as this study focused on health economic outcomes of two diagnostic approaches.
METHODS

Data collection
This was an observational study that analysed data from two separate prospective patient cohorts presenting to the ED of a large tertiary hospital in Australia with possible ACS. The first patient cohort of 938 consenting patients was recruited in 2008-2010, and these patients were assessed using the traditional diagnostic approach detailed in the national guidelines. 3 The main reason for recruiting the first cohort was to report on costs to health services and patient outcomes from applying the national guidelines. 4 In this study, the first patient cohort was a baseline comparison group to assess the changes in the ED after the Brisbane protocol was designed and implemented. The second patient cohort (n=921) was recruited and assessed with the Brisbane protocol in 2011-2013. Process of care for patients managed by the traditional approach and the Brisbane protocol is shown in figure 1.
Patients were recruited for both cohorts between 8:00 and 17:00 and were included if they were aged ≥18 years, presented to the ED with at least 5 min of chest pain suggestive of ACS and were being investigated for ACS. In accordance with the American Heart Association case definitions, 13 pain suggestive of ACS includes acute chest, epigastric, neck, jaw or arm pain, or discomfort or pressure without an apparent noncardiac source. Research staff identified all eligible patients using the ED admissions database and in collaboration with the treating clinicians. Patients were excluded if (1) there was a clear non-ACS cause for their symptoms, (2) they were unwilling or unable to provide informed consent such as a language barrier, (3) staff considered that recruitment was inappropriate, such as terminal illness, (4) they were transferred from another hospital, (5) they were pregnant, (6) they were recruited to the study within the previous 45 days or (7) they were unable or unwilling to be contacted after discharge. Perceived high risk was not an exclusion criterion. Consecutive eligible cases were included. The number of patients approached and the number of patients excluded for each reason in the first cohort have been published. 4 In the second cohort, 1438 patients were approached. Excluded patients are as follows: 289 declined or were unable to consent, 72 were identified >2 h after presentation, 39 were interhospital transfers, 17 were pregnant and 100 did not have cost data. Patients who were not eligible, who refused consent and who presented outside of recruitment periods were managed according to the historical guideline-based process of assessment.
Research nurses collected data on presentation date, admission date, discharge date, risk stratification and exercise stress test (EST) results. Total costs including the cost of the ED visit and any inpatient costs were extracted from a linked administrative database. Thirty days after initial attendance, research nurses conducted telephone follow-up and medical record review for the diagnosis of ACS. Information was obtained from the patient and from hospital databases about whether there had been any cardiac events or investigations, or contact with any healthcare providers, during the 30-day period. All follow-up information was verified through contact with the healthcare provider, and original copies of medical records and cardiac investigation results were obtained. Relevant investigations included EST, stress echocardiography, myocardial perfusion scanning, coronary CT angiography or coronary angiography. The 30-day clinical outcomes were adjudicated independently by at least one of two local cardiologists using predefined standardised reporting guidelines. 14 Cardiologists had knowledge of all clinical information collected within a 30-day period. For both cohorts, this included all hospital medical records, public and private investigations, details provided by general practitioners and specialists seen within 30 days after discharge and by telephone contact with patients. In the first cohort, a second cardiologist conducted a blind review of all ACS cases and a random sample of 10% of non-ACS cases. In cases of disagreement, end points were agreed by consensus. This was achieved for all end points. For the second cohort, a single cardiologist completed end point adjudication as the second adjudication of the outcomes has not occurred at this point in time. The clinical outcomes will be fully reported once this second adjudication has occurred. Diagnosis of AMI and UAP was based on accepted international standards as described previously. 15 Decision tree model A decision tree model was developed to compare costs and health outcomes of the two approaches using realistic and clinically relevant patient pathways. The model enabled the change to costs and health outcomes to be clearly presented, and the uncertainties in the data to be included. The purpose of the model was to inform a decision between the Brisbane Protocol and the traditional approach. The traditional approach based on national guidelines 3 is shown in figure 2 . All non-high-risk patients were initially stratified into intermediate-risk and low-risk categories based on clinical features, ECG findings and troponin results obtained on presentation. Ongoing clinical assessment and repeat ECG and troponin testing were performed 6 h later. Low-risk patients were discharged and costs arising from the index presentation were included. After serial troponin and ECG testing 6 h after presentation were normal, patients in the intermediate-risk group were referred for EST; however, owing to clinical reasons, some intermediate-risk patients did not have this test. If the EST result was positive, patients were further stratified to high risk and admitted to an inpatient bed. If negative, patients were considered low risk and discharged home. Patients with an equivocal EST and who were discharged within 24 h were defined as low risk, and those discharged >24 h were defined as high risk. Patients who did not have an EST were either directly admitted to an inpatient bed or discharged home after appropriate management in the ED and/or ED short stay unit. A small number of patients left against medical advice before treatment started. A fundamental change in the new assessment process was the introduction of early serial troponin testing at 0 and 2 h after presentation for low-risk and intermediate-risk patients, in comparison with the traditional 0 and 6 h testing. The alternate Brisbane protocol is shown in figure 3 . High-risk patients were initially identified and managed according to the traditional approach since the Brisbane protocol was designed for low-risk and intermediate-risk patients. All non-high-risk patients were then assessed using the Brisbane protocol. Those under 40 years of age without diabetes or renal impairment were defined as Brisbane protocollow risk, while the rest were classified as Brisbane protocol-intermediate risk. Patients in the Brisbane protocol-intermediate-risk group were referred for EST. As this was a pragmatic study design, some patients from the Brisbane protocol-low-risk group were also referred for EST based on individual patient characteristics. If the EST was positive, the patient was considered high risk and admitted to an inpatient bed. If negative, patients were discharged and any problems within 30 days were included. If equivocal and discharged within 24 h, patients were defined as low risk. If they were admitted >24 h, they were categorised as high risk. Patients who were not referred for an EST were either admitted to an inpatient bed or discharged home after appropriate management in the ED/ED short stay unit.
Again, only a small number of patients left against medical advice.
The decision trees are designed to summarise expected costs and hospital length of stay under the traditional approach and the Brisbane protocol to give a system-level picture of the costs and benefits that would be useful to a high-level decisionmaker. If there are differences in the number of deaths, this is also shown quantitatively by the decision tree. Clinicians working in the ED validated the structure of the decision tree model prior to data analysis.
Data analysis
Age, gender, risk factors and medical history were compared across the two cohorts. The primary outcomes are health service cost and length of stay in hospital and were compared using the decision tree model. As the Brisbane protocol is for low-risk to intermediate-risk patients, all high-risk patients were managed according to the current National Heart Foundation and Cardiac Society of Australia and New Zealand Guidelines 3 and were excluded from the analysis. The proportion of patients discharged from ED within 4 h was compared to show if the Brisbane protocol was associated with improved performance against the NEAT target.
This was a historically controlled study without random assignment; hence, there may have been differences between the two cohorts at baseline. We used multiple variable regression models to test if baseline characteristics were associated with risk stratification, cost, length of stay in hospital and proportion of patients discharged from ED within 4 h (in IBM SPSS Statistics 21). Results of regression analysis are provided in the online supplementary material. To test whether more patients risk stratified to low risk was due to baseline characteristics or the Brisbane protocol, we used binary logistic regression as the new stratification only works on low-risk and intermediate-risk patients. The results suggest that it was the Brisbane protocol that was mainly responsible for the change in risk stratification, so any difference in baseline characteristics should not have greatly impacted risk stratification. We also used linear regression to test if baseline characteristics had any impact on cost and length of stay for patients who moved through the same pathway in the decision tree model (eg, patients who were classed as intermediate risk, had EST and had negative EST outcome). The results suggested little impact from baseline characteristics on total costs and length of stay in hospital. This is probably because patients who moved through the same pathway in the decision tree were relatively homogeneous. Thus, baseline differences between patients had less potential to influence costs and length of stay. Therefore, we did not adjust decision tree model inputs by baseline characteristics.
Differences between two cohorts at baseline did influence the proportion of patients discharged from ED within 4 h. To account for this, we used iterative poststratification to match the marginal distributions of the traditional approach cohort to the Brisbane protocol cohort. The variables matched were age (10-year bands), gender, prior myocardial infarction (MI), prior angina, prior CAD, prior arrhythmia, prior congestive heart failure (CHF), prior hypertension, prior dyslipidaemia and prior family CAD. We then calculated the per cent discharged within 4 h between the two cohorts using the post-stratification weights and compared this with an unweighted per cent. We used the 'rake' function in the 'survey' library in R. 16 Updating the decision tree with information The probabilities associated with the events at each circular chance node in the decision trees were derived from the two patient cohorts. The estimated probabilities were the risk of patients having low or intermediate risk, undergoing EST, having positive, negative or equivocal EST results, being admitted to inpatient ward or being discharged. Prior β distributions that can only take values between 0 and 1 were used to model the probabilities and the uncertainty.
The costs incurred for the ED and inpatient wards were retrieved from each patient's hospital administration record that had been linked to the primary patient data. ED costs that include a fixed cost and an activitybased component were based on triage categories of clinical urgency. 4 Inpatient costs were derived from procedure-related Australian Refined Diagnosis Related Group reimbursement codes used for activity-based funding. 4 These costs were summed for each individual. For patients who moved through a common pathway in the decision tree, the median cost values were calculated to inform the cost outcome of that path. The costs of adverse events that might occur after discharge were not included. A prior γ distribution was fitted to these data to capture the inherent skew in cost data. 17 Costs from 2008 to 2012 were adjusted by an inflation rate of 3.4% per year to equal 2013 prices. 18 Lengths of stay in hospital were derived from dates of presentation and discharge and were also fitted to γ distributions.
Expected costs and lengths of stay are based on the summation of the pathway cost and hours in hospital weighted by the pathway probabilities. By comparing the expected cost and length of stay of the two competing diagnostic approaches, we defined the costs and time spent in ED when the Brisbane protocol was used.
A probabilistic sensitivity analysis was used to account for uncertainty in the information used in the model. Resampling was done 10 000 times from the prior distributions using Monte Carlo simulation with cost and length of stay varying simultaneously. The probability of an approach being optimal was derived by counting the number of times out of 10 000 the approach had lower costs or shorter length of hospital stay.
RESULTS
Patient characteristics
The baseline patient characteristics for both cohorts are shown in table 1. Patients in the traditional approach group were older and suffered more frequently from In table 4 , costs and hospital length of stay according to admission category were compared between the traditional approach group and the Brisbane protocol group. Nearly 83% of patients assessed by the Brisbane protocol were admitted to ED only and ED short stay unit compared with 66% in the traditional approach group. Total hospital length of stay was shorter with the Brisbane protocol. Fewer patients in the Brisbane protocol group received inpatient care (17% vs 33%), and they had generally shorter lengths of stay, median 45 vs 52.5 h. The median cost and length of stay when considering all patients were lower in the Brisbane protocol cohort.
Percentage of patients discharged within 4 h from ED
The percentage of patients who were discharged from ED within 4 h by risk stratification is shown in table 5, and we give the results before and after patient characteristics in the traditional approach were adjusted in an attempt to make the two cohorts more comparable. As the Brisbane protocol only further stratified low-risk and intermediate-risk groups, the proportion of patients discharged from ED in high-risk group was similar between two approaches. Although the Brisbane protocol failed to achieve NEAT and discharged, admitted or transferred 62% of ED patients from all risk groups within 4 h, it enabled physicians to discharge a higher proportion of patients within 4 h in low-risk and intermediate-risk groups than the traditional approach (72% vs 51%).
Decision tree model outputs
The expected costs and length of stay in hospital of the two approaches from the decision tree model are shown in table 6. The average patient managed by the Brisbane protocol cost $1229 less, and 26 h in hospital was saved compared to the traditional approach. These differences are shown by the probabilistic sensitivity analysis and are plotted in figure 4 . Figure 5 provides the proportion of the 10 000 resamples where the Brisbane protocol resulted in a lower cost or shorter stays for the average patient. When only cost was taken into consideration, the Brisbane protocol had a 78% probability of incurring fewer costs. When shorter length of stay was the decision criteria, there was a 79% probability the Brisbane protocol is optimal. 
DISCUSSION
We report the first study of the potential health services gain of adopting an ADP into routine practice in the Australian healthcare setting. Some advantages of ADP for assessing patients presenting to ED with chest pain have previously been demonstrated. [6] [7] [8] This analysis used data collected over two different periods and included it in a decision tree model to compare cost and length of stay between the traditional assessment approach and the Brisbane protocol. We demonstrated the economic benefits of applying the Brisbane protocol in a hospital setting.
The Brisbane protocol for the assessment of emergency patients with possible cardiac chest pain may have considerable benefits to patients with early notification about the underlying cause of their symptoms, and early discharge of those without a cardiac diagnosis. Adopting the Brisbane protocol could also assist in meeting NEAT targets. About 70% of non-high-risk patients could be assessed rapidly for ACS and discharged from ED within 4 h under the Brisbane protocol. In the hospital, the average ED length of stay fell from 289 min between 2008 and 2010 to 243 min between 2011 and 2014, the period when the Brisbane protocol was implemented. Whether this observed saving of 45 min per patient was caused by the Brisbane protocol cannot be known for certain due to the non-randomised study design. The overall capacity released for the hospital was substantial, with a reduction in the expected assessment period from 42 to 16 h for all non-high-risk patients. The reduction in need for lengthy admission supported same-day discharge for many patients. The economics of this in terms of time missed from work, family and social activities is hard to quantify; however, early discharge home for patients is likely to have had a positive effect on patient satisfaction.
The Brisbane protocol identified a large proportion of patients as low risk. This is a significant increase by comparison with the current National Heart Foundation and Cardiac Society of Australia and New Zealand Guidelines risk stratification process and is an equivalent-sized low-risk cohort in comparison with other risk scores such as TIMI and GRACE scores when used for ED patient assessment. The true reduction in need for EST testing in this cohort may have larger system effects in terms of improving access for other patients requiring this cardiac investigation. This was not assessed in the study. Compared to other ADP approaches, the Brisbane protocol has its strength that it incorporates both AMI and UAP. There are other approaches used to identify those at risk of AMI alone, 19 20 but these ignore the increased short-term to medium-term risk of recurrent ischaemic events in those with underlying CAD and UAP. Moreover, the tools required for implementation of the Brisbane protocol do not differ from what is currently widely available. Troponin assays and ECGs will continue to be performed, and the risk stratification process can be easily adopted in other hospitals. We believe that the uptake of this strategy into clinical practice will be rapid.
Other economic analysis of applying ADP to assess patients with chest pain also shows evidence for reduced hospitalisation stay and lower costs. Asher et al 21 in Israel examined the clinical outcomes and cost-effectiveness of an ADP using contemporary technology versus routine care and found that an ADP could save time and resources. There was a slight decrease in total costs when patients were treated ADP, but the difference was not significant. Compared with their comparative prospective study, our study has strengths in that we combined comparative study with an economic decision model. By taking account of the probability of being classified as low or intermediate risk and the probability of having an EST, the decision tree model demonstrates the expected cost and length of stay for a patient who presents to ED with chest pain. In addition, we conducted probabilistic sensitivity analysis to account for parameter uncertainty surrounding cost and length of stay. The Brisbane protocol has shown a high probability of being optimal compared with the traditional approach.
The limitations of this analysis should be acknowledged. First, in both cohorts, patients were recruited between 8:00 and 17:00 due to the significant cost of out-of-hour recruitment. The potential impact of enrolling patients for a portion of the day is not known as we are unable to quantify any possible effect without data from out-of-hour patients. However, we do not believe the impact of predominantly in-hour recruitment will have a significant impact on the findings. One of our previous studies examined whether in-hour recruitment biased the findings. 22 We found that individuals recruited outside work hours did not differ from those recruited within work hours in terms of demographics and medical history. Second, ideally a pragmatic parallel multicentre randomised controlled trial would be done, but this would cost millions of dollars and will take time to organise. With the observational design, we cannot be sure that the Brisbane protocol contributed to the differences in the outcomes. The results of the adjustment (table 5) provide some evidence of an effect arising from the Brisbane protocol. When the two cohorts were adjusted for the baseline variables, the proportion of patients discharged from ED within 4 h did change, but not dramatically. Despite these limitations, the improvement in cost and length of stay outcomes is plausible, and the purpose of this study is to provide data that contribute to a decision being made, rather than perfectly estimating the size of an effect. As this study is focused on the health economic outcomes of the Brisbane protocol, it does not report the detailed clinical outcomes of patients managed according to the traditional diagnostic approach and the Brisbane protocol.
CONCLUSION
The Brisbane protocol may be a cost-saving change to services for the assessment of ED patients with possible ACS. Patients and the EDs that manage them might benefit from this system of care. Figure 4 Distributions of incremental cost ($A) and length of stay for the Brisbane protocol with the traditional approach as the reference from the 10 000 probabilistic sensitivity analyses. Figure 5 Probability of an approach being optimal in terms of cost and length of stay from the 10 000 probabilistic sensitivity analyses.
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